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MEASUREMENTS OF FLUCTUATING PRESSURES ON A %—-SCALE MODEL

OF THE X-1 ATRPLANE WITH A 10-PERCENT-THICK WING
IN THE LANGLEY 16-FOOT TRANSONIC TUNNEL

By Louis W. Habel and Seymour Stelnberg:
- SUMMARY

Pressure fluctuations have been measured near the trailing edge of
the wing and near the leading edge of the tail of a -1-];-— scale model of

the X-1 ailrplane with a 10-percent-thick wing in the Lengley 16-foot

transonic tumnnel. The maximum values of preasure fluctuation measured

at the wing and teil pressure-gage locations were gbout 0.6 and 1.6 times

- " stream dynemic pressure, respectively. These values represent increases
of more than tenfold in the pressure fluctuations as the angle of attack

v was increased at a constant Mach number. In the present investigation,

- - no value of pressure-fluctuation coefficient could be used as a buffet
criterion which would result in a buffet-boundary curve in complete
agreement with the flight-determined buffet-boundsry curve of the
X-1 airplane. - The particular vortex-generator installation used during
part of the present investigation had no beneficidl effects in reducing
the emplitude of the pressure fluctuastions at the pressure plckup loca-
tions on the wing or taill surfaces. Frequency aiidlyses of the pressure
fluctuations on the wing end tail indicate that, wvhen the pressure fluctua-
tions are large, they are random in frequency with pulsations noted at
all frequenciles from 10 to 1000 cycles per second, the frequency limits
of the recording system. S

INTRODUCTION

Buffeting is believed to be the response of an alrcraft structure
to aerodynemic-flow disturbances. Thus, the problem of cbtailning the
. buffeting characteristics of specific ailrcraft from wind-tunnel tests
presents many difficulties since both the structural and serodynsmic
characteristics of the model and the aircraft are involved. Conventional
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models for wind-tunnel tests are usually designed for general aero-
dynsmic studles, and do not incorporate dynemic scaling of the structural
characteristics of the airplane. An exploratory program has therefore
been undertaken to determine whether the buffeting characteristics of
alrplanes can be predicted from a study of the aerodynamic flow dls-
turbances on such models of-airplanes. 'As part of this program, pressure

fluctuations were measured on the wing and tail surfaces of a %-—scale

model of the X-1 sirplane with a 10~percent-thick_wing.

The pressure gages were located as far back on the wings as possible,
as it was believed that pressure disturbances being shed by the wing
would be indicated by gages in this location. In order to determine if
the disturbances shed by the wing were influencing the flow at the tail,
gages were installed near the leading edge of the tail directly down-
stream from the outermost wing gages-.

Although it was reslized thet-the information obtained from measure-
ments made only near the wing trailing edge and the tail leading edge
would be limited, it was hoped that the informetion obtained would corre-
late to.some measure with the known buffeting characteristics of the
full-size airplane, and would contribute to a basic_understanding of the
buffeting phenomena.

SYMBOLS
c local wing chord parallel to plane of symmetry, ft
5 b/2 .
c! mean serodynamic chord of wing, 5\/ﬁ c2dy
0
S -wing area including area enclosed by fuselage (8.116 sq ft)
b span (wing, 7.0 ft, tail, 2.85 ft)
¥ spanwise distance outboard of plane of symmetry, £t
Py pressure-fluctuation coefficient, Ap/q
Ap " maximum peak-to-peak amplitude of the pressure varistion across
the diaphragm of the electrical pressure gage, lb/sq ft
q dynamic pressure, %pve, 1b/sq ft.
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) density, slugs/cu ft

v © wvelocity, ft/sec

a angle of attack of model fuselage center_line, deg
M Mach number

Cr, - 1ift coefficient, L/qS

I  1ift, 1b . - -
Subscript:

t tail

INSTRUMENTATION AND TESTS -

Model ard Pressure Gages

The fluctuating-pressure measurements reported herein were made on
en alrplane model. in the Langley 16-foot transonic tunnel. A detailed
description of the tunnel, 1ts operation, and calibration are presented
in reference 1.

The basic model on which the fluctuating pressures were measured is
a %-—scale model of the X 1 airplane The model has NACA 65-110 wing

sections and modified’ NACA 65-008 tall sections and i1s the same model
used in the investigation of reference- 2. The inc¢ldence angle of the

wing varies from.Q% at the wing root to l— at the wing tip. The inci-

dence angle of the tail was 0% for all tests made during the present
investigation. In addition to tests of the basic model, some tests were
made with the horizontel tail of the model removed. General dimensions
of the model are presented in figure 1, and photographs of the model
mounted in the tunnel test section are presented in figure 2.

Part of the test program for the basic-model configuration was
repeated with vortex generators installed on the wings. The vortex
generators- consisted of 0.125-inch by 0.125-inch flat plates approxi-
mately 0.015 inch thick with rounded leading and trailing edges. The
plates were centered on the 27.5-percent-chord station, normal to the
wing surface, and extended from the root to the tip of each wing. The
included angle between adjacent plates was 15° and the distance between
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the 50-percent-chord stations of. adjacent plates was approximately
0.40 .inch. Figure 3 illustrates the vortex-generator installsation.

The wings and horizontal-tail surfaces of the model were &quipped”
with a total of five NACA ministure electrical pressure gages of the
type described in reference 3. Figure 1 illustrates the locations of— -
the gages. The gages were installed in such a manner as to indicate
the differential pressure between the upper and lower surfaces of the
wing or tail in which they were mounted. As 1lnstalled, the gages -
responded to pressure changes and with suitable auxiliary equipment,
indicate the variation of pressure with time. The incidence angle of
the wing is 2.2° st the spanwise station at which the outboard-pressure .
gage was installed. In addition to the gages installed on the model, a
gage was Installed in the tunnel wall so that fluctuating pressures on.
the model could be conmipared with fluctuating pressures measured at the- -
tunnel wall. The gage installed in the tunnel wall was referenced to
a relatively steady pressure through a long léngth of tubing which
filtered out any pressure fluctuations present in the reference pregsure.

Measurements and Reductlon of Dats

Pressure fluctuations.- Eléctrical’ signals proportional to the
pressure pulsstions experienced by each gage were amplified and simil-
taneously photographed on & recording oscillograph. Typlcal oscillograph
records are shown in figure 4. The fluctuating pressures measured at the
wing and tail gages of the model and at the tunnel wall have been con-
verted to nondimensional coefficient form by dividing by free-stream
dynamic pressure. The coefficients are designated as Pp. The values
,of fluctuating pressure used throughout this.paper are the maximum peak-
to-peak values obtained at each test point as illustrated in figure L.
Pulsations of large amplitude which occurred only occasionally were '“
ignored. An examination of the oscillograph records obtained during the
tests did not indicate that the nmtural frequency of the model on its
cantilever support was a predominant fréequency of the pressure pulsations.

Frequency analyses.- An arrangement was Incorporated into the .
recording system so that the output of any gage could be switched from
the recording osclllograph to a frequency analyzer. The snslyzer and
amplifier system as used for these tests had a lower frequency limit of
10 cycles per second ‘and upper frequency limit of 1000 cycles per second.
The equipment was ususlly operated over two frequency ranges: from 10
to 150 cycles per second and from 100 to 1000 cycles per second. The
same constant width band-pass filter was used for both frequency ranges.
The analyzer was callbrated to indlcate root-mean-square values of-the
pressure fluctuations. The value indicated by the analyzer at any
particular frequency 1s the- average root-mean-square pressure fluctuation
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occurring at that frequency over a pericd of_time.(estimated from con-
siderations of.the filter band width and sweeping times) of about 1 second
for the low-frequency range and about 0 1° secord fqr the high—frequency

range.

Range of. Tests - -

The Mach number range over which fluctuastlng pressures were measured .

extended from 0.70 to 1.00 and the model angle of dttack was varied from
about. -4° to epproximstely 15°. As the test Mach number is increased,
the maximum angle of attack at which tests can be tiade is decreased '
because of load limitations on the model support system. The Reynolds

number for these teste varled from b1 x lO6 to h. T x 106 as indicated
in reference 2.

Accuracy of Measurements
Mach number ard sngle of attack.- The Mach numbers measured in the

Langley 16-foot transonic. tumnel are believed .accurate to *0.005. The
angles -of attack presented are believed accurate .to £0.05°."

Pregsure-fluctuation coefflcients._ The range of linear response
of the pressure gag€s ds used in the present investigation -extends to.
epproximately 2000 cycles per second. The range of linear response of
the galvanometer elements of the oscillograph used for the present tests,
however, extends only to ebout 500 cycles per secofid. As pressure pulsa-
tions were noted which contain frequencies up to at least 1000 cycles
per second, the amplitudes indicated by ‘the oscillograph for such pres-
sure pulsations are too low. The errors due to nonlinearity of the
galvanometer elements, reading of the records, and calibrations are such
that the pressure-fluctuation coeffic1ents presented in this paper are.
believed to .be approximately 10 to 20 percént too low.

Frequency analyses.- The frequéncy scale on the figures presented
in this paper are believed ‘accurate to within #2 or 3 cycles per second
on the loWw-frequency range_ and *20 or 30 cycles pei second on the high-
frequency range. Although the amplitudé response ST the frequency
analyzer system as used in the present investigation is flet up to
1000 cycles per second, thé indiceted amplitudes are believed to be too
large because of the resgponse of the constant width band-pass filter used
in the equipment to signals containing random frequéncies. The parameter
being investigated with the frequency analyzer was predominant freguency
rather than specific amplitudes at a given freguency. Thus no correc-
tions have been applied to amplitudes of the pressure fluctuatilons indi-

ceted by the frequency analyzer. Tr ordeér to-determine if data could be ——
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repeated with the frequency analyzer, two frequency analyses of the
pressure fluctuations at the left tall gage were made within a period

of about 3 minutes during which time the test conditions were held as
close ta constant as possible. These anslyses are presented in fig-
ure 5. The ordinates on the frequency-analysis figures are root=mean-
square velues of the pressure fluctuations in pounds per square foot.
FEach small division on the ordinate. scale represents 1 decibel. The .
largest differences in the frequency analyses shown in figure 5 occur
between 15 and 20 cycles per second. Above 20 cycles per second, the-
differential pressure-fluctuation levels for the 2 records are appraxi-
mately constant and equal although some differences occur in the loca- "
tions of the small peaks. - :

RESULTS AND DISCUSSION

Fluctuating pressures have been measured on a %w-scale model. of the

X-1 airplane with a lQ-percent-thick wing in the Langley 16-foot- transonic
tunnel, In addition to measurements for the basic configuration, tests
were made with the horizontal tail removed and for one vortex-generstor
installation. As the tests progressed, it was found that, in general,
the three wing gages—yielded approximately the same information while
the results from the two tall gages were 8lso similar to each other. )
Data are therefore presented only for the outboard pressure gage on the
left wing and the pressure gage on the left tail.

-

Pressure Fluctuations

Although the gages were installed in the wing and tail of the model
to indicate the difference in pressure between the upper and lower sur-
faces, it is believed that the pressure fluctuations presented in this
paper for positive angles of attack are primsrily pressure fluctuations
on the upper surfaces of the wing and tall (see ref. L4).

Basic and tail-off configurations.- Plots of pressure-fluctuation
coefficlent Prp as a function of model angle of attack at various Mach
pumbers are presented in figure 6. Because of the wing incidence angle,
the angle of-attack of the wing spanwise station at which the outermost
pressure gages are located is 2.2° greater than the model angle of attack.

Considerable scétter In the pressure-fluctuation coefficients is
noted for some test conditions. It is believed that the scatter is
caused by the unstable nature of the flow and is not inherent in the’
recording method or equipment. -

.=
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In figure 6(a) the data obtained at the left-wing-outboard gage
for the basic and tall-off configuratlions a¥e plotfed together as it
- was believed that the 1nfluence of the tailil on the flow over the wing
wag slight. At a Mach number .of Q.70 the pressure-fluctuation. coef-
ficients are relatively constant at a value of about 0.k up to an angle
of attack of sbout 6°. At en angle of attack of 7° the differential
pressure fluctuations on the wing have increased abruptly. At an angle
of attack slightly above 8° a peak value of differentisl-pressure-
fluctuation coefficient of 0.54 occurs in the faired curve, and further
increases in angle of attack result In a decrease 1n the differentisl-
pressure-fluctuation coefficients until a value of about 0.17 is obtained
at the meximum angle of attack of about 15°.

An examination of the chordwise static-pressure distributions
obtailned at a spanwise statlon near the outboard gsge location on the
left wing indlcated that at & Mach number of 0.70 as the angle of aitack
is increased above 8°, there is a definite forward movement of the shock
location and separstion point at that spesnwlse station on the upper
surface of the wing. The decrease 1ln differential-pressure-fluctuation
coefficilent which occurs as the angle of attack is Increased abave about
8° at a Mach number of 0.70 is probably associated with this forward
movement of the shock and separation point on the upper surface of the

wing.

At Mach numbers of 0.80 and 0.85, compressibility effects become
apparent and the rise in fluctuating differential pressure which occurs
as the angle of attack is increased starts at a lower value of angle of
attack than at a Mach number of 0.70 ghd is more gradual.

At a Mach number of 0.90, considerable difference is noted between
the differential-pressure-fluctuation coefficients obtained for the
basic and tail-off confilgurations perticularly at angles of attack of
about -2° and 0°. An examination of the static-pressure distributions
measured for the two configurations at a Mach number of 0.90 indicates
that, for the tail-off condltion, the shock on the wing hss moved forward
from the position it assumed for the basic canfiguration. ' For the basic
configuration, the shock is in the vicinity of the pressure gasge loca-
tion as evidenced by the static-pressure disgrams.  If the shock moves
across the electrical pressure gage, the differential pressure indicated
by the gage changes abruptly. At M = 0.90 for o = -2.13° (see fig. T)
and for « = 0.17° the records from the osclllograph indicate that the
shock was moving across the electricel pressure gage. For these condil-
tions, two values of pressure-fluctuation coefficient are shown in fig-
ure 6(a}. The flagged symbols represent the vaelue of pressure-fluctuation
coefficient obtained if the pressure varlation due to the shock moving
across the pregsure gage is ignored (see fig. 7). The faired curve at.a
Mach pumber of 0.90 in figure 6(a) has been drewn considering the flagged

- U
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points. From a study of the statlc .pressure distributions and the
information presented in reference L the pressure fluctuation caused
by shock oscilletion would be expected to move forward on the airfoil
as the Mach number is decreased.

At Mach numbers of 0.95 and 1.00 the shock is behind the pressure-
gage location and the pressure fluctuations remain practically constant-
at a relatively low value at all angles of attack investigated.

Plots similar to those in figure 6(a) for the outboard pressure
gage on the left wing are presented in figure 6(b) for the left-tail
gage and the tunnel-wall gage. At a Mach number of-0.70 the pressure-.
fluctuation coefficients at the left-tail.gage are essentislly constant
at a relatively low value over an angle-of-attack range from -4° to 3°.
At an angle of attack of 7° the pressure fluctuations at the left-tail’
gage have increased abruptly as they did at the left—-wing gege. As the
angle of attack 1s increased from 7° to about 10° the pressure fluctua-
tions do not change abruptly but & gradual increase in the pressure
fluctuations begins at 9°, and a value of PF of 1.35 is noted at about

13° angle ofattack. At anglés ofabtack of about 142 and 15° the
pressure~fluctustion coefficientg were larger than 1.35, but because- of
improper adjustment—of-the. equipment at these angles of attack the
extremely large and rapid fluctuations in pressure did not leave a
readable trace on the photographic record. '

It is believed that the sharp rise which occurs in P at the
left-tail gage &t an angle of attack of 7° is not due to abrupt changes
in the aercdynamic characteristics of the tail, but-to the influence of
the wing which exhibits a gharp rise in Ppr at the pressure-gage loca-
tion at an angle of attack of 7°. The tail section is 2.percent thinner

than the wing section and is operating at the model angle of attack which

is 2.2° less than the angle of attack of the wing spanwise station at
which the outermost pressure gages are located.

At angles of attack below T° at a Mach number of 0.70, the pressure
fluctuations st the tall pressure gage are considerably larger then those
measured at the wing pressure gage probably because the tail gage, being
located near the tall leading edge, is more sensitive than the wing gage
to angular variations 1In the flow.

As the Mach number 1s increased.to 0.80, 0.85, and 0.90 the increase
which occurs in the-pressure-fluctuation coefficient at the left-tail
gege ag. the angle of .attack 1s increased becomes more and more gradual,
end as was found with the wing pressure gage, does not—occur at all at .
Mach numbers of 0.95 and 1.00 for the angle-of-atiack range investigated.
This result is in agreement with the results presented in reference 4
for two-dimensional airfoil tests.
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If the present tests could have been extended to higher angles of
attack than were attained at Mach numbers of 0.95 and 1.00, the pressure
fluctuations at the pressure-gage locations on the wing and tall probably
would have Increased at these higher angles of attack from the values
shown in figure 6. Note in figure 6(b) that although the differential
pressure fluctuations measured at the left tail of the model ‘increase
by a factor of approximastely 10 as the model 1s varied through the angle-
of -attack range &t a Mach number of 0.70, the pressure fluctuations
measured at the tunnel wall indicate only a slight gradual rise as the
angle of attack is increased. At higher Mach numbers than 0.70 the
pressure fluctuations at the tunnel wall remain essentially constant
gt relatively low values as the angle of attack of the model 1s varied.
Thus 1t may be assumed that the marked changes in pressure-fluctuation
coefficient on the model are aerodynamic effects for this particular
model. Megsurements made in the center of the stream of the test section
with an electricael pressure gage installed to indicate the difference '
in pressure between diametricelly opposite points on the surfaces of a
3° cone indicated pressure fluctuations approximately one fifth of those
measured at the tunnel wall.

In some instance.the pressure fluctuations measured st the outboard
pressure gage In the left wing are lower than the pressure fluctuations
measured at the tunnel wall, probably because the pressure gages were-
installed in 'the wing and tail of the model to measure the difference in -
pressure between the upper and lower surfaces. Pressure fluctuations :
which are in phase with each other on the upper and lower surfaces would
thus tend to cancel. This cancelling effect would not be obtained with °
the gage in the tunnel wall.

As previously mentioned, the Iincrease which occurs in the pressure-
fluctuation coefficients at the wing and tail-gage locatlons as the -
angle of attack 1s increased is more gradusl at a Mach number of 0.80
than at a Mach number of 0.70. This finding is in agreement with
unpublished data which indicates that for the X-1 airplane the onset
of buffeting in the shock region is gradual compared to that of the
stall region.. Buffeting is considered to change from the stall region
to the shock region at that point where the buffet boundary curve no
longer coincides with the maximm 1ift curve. Thils polnt occurs at a
Mach number of approximastely O0.72 for the X-1 airplsne. Thus, at a Mach
number of 0.7 the onset of buffeting of the airplane 1s abrupt. For the

5-—scale model the increase in pressure—fluctuation coefficient is also
abrupt. At a Mach number of O 8, the onset of buffeting of the sairplene
is more gradusl than at a Mach number of 0.7 and the increase in

differential -pressure-fluctuation cocefficient for the model is more
gradual than at a Mach number of 0.7.
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In figure 8 the pressure-fluctuation-cvefficient intensities are . =
presented in.such a manner. that they can be compsared with the flight-
determined buffet boundary of the X-1 airplane. The 1lift-coefficient - L
data required to prepare figure 8 are. presented in figure 9. The flight-
determined buffet boundary represents a varistion in alrplane-normal- N .
force caefficlent of 0.01l. " Pressure-fluctuation-coefficient intensities : -
of 0.05, 0.10, and 0.20 are shown for the left-wing gage—in figure 8(a)
and 0.15, 0.20, and 0.25 for the left-tail gage in figure 8(b). The S
data shown in figure 8(a) at a Mach number of 0.90 was based on the faired .. .. .
curve ocf—figure 6(a). at a Mach number of_0.9Q, and the pressure fluctua-
tions caused by the shock moving across the pressure gage have not been
included.

Although the correlation between the flight-determined buffet
boundary and a differential-pressure-fluctuation-coefficient intensity
of 0.10 faor the left-wing-outboard gage i1s reélatively good over & small.. -
Mach number range, nd value of differentlal-pressure-fluctuatlon cpef-
ficient exists either for the wing or tail gage which could be used as
a buffet criterion to establish a buffet boundary which would completely :
agree with the fllght-determined buffet boundary. The probable reason _ LT
for this is the lack of .a suitable number of-pressure gages. A pres- ' T
sure .gage fixed at one location on .the wing or “tail surface 1s influenced 7
by local merodynemic effects which may only slightly influence the -
buffeting of-the ailrplane. For example, the results:shown in reference L .
for rigid eirfoils in a two-dimensional stream indicste that when the - T
amplitude of the pressure’ fluctuations at some point—on the airfoil is _
relatively large the amplitude of the pressure fluctuations varies con— Y e
siderably over the chord of the airfoil. ...

Al

'MH i

Vortex generators.- In figure 10 the data obtained with the vortex T
generators installed on the wings are compared with the curves which =~ .
were faired ‘through the data obtained for. the basic end tall-off config- T
urations. At—a Mach number of 0.90, the shock wave on the wing is located
in the vicinity of the pressure gage and, as for the basic configuration
at a Mach number of 0.90, two values of Prp aré noted for the points at )
negative angles of attack. Generally, the date obtained with the vortex =
generators Installed are in approximate agreement w1th the data obtained o
for the basic configiuration. In some Instences, however, (left tail gage e
at M = 0.8 and M = 0.90) the data obtained from the pressure gages e
with the vortex gemerators installed indicate:that the buffeting charac- —
teristics would be expected to he inferior to: those of the basic con- = ot
figuration if the data obtained at the gage location of the left-tail R R
is typicel of conditions exlsting elsewhere on the tail, It should be. . L =l
remembered that in the present investigation only one vortex generator
configuration which may ‘not, have been an optimum configuration wes ]
considered. _ ) _ - S

A -
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Frequency Analyses

Typical records from the fregquency analyzer are shown for the basic
configuration in figures 11 to 13. Two frequency ranges were Investigated:
from 10 to 150 cycles per second and from 100 to 1000 cycles per second.

In figure 11 the frequency analyses are shown for the left-wing-
outboard gage at a Mach number of 0.70. At an angle of attack of 4.9°
the only disturbances which appear from 10 to 1000 cycles per second
occur .below 20 cycles per second, and are smsll. At an angle of attack
of 79 for which the sharp increase 1n pressure fluctuation occurs
(fig. 6(a)), pressure fluctuations are noted over the rentire frequency
spectrum for which data were obtained and no particular frequency could
be considered to predominste. ' '

In figure 12 the-frequency analyses are pregented t'or the left-tail
gage at a Mach number of 0.70. At an angle of attack of 4.9° (fig. 12(e)),
predominant frequencies are noted at about 10 cycles per second, and
between 4O and 50 cycles per second. From spproximately 7O to 1000 cycles
per second, no pressure disturbances are noted above 2 pounds per square
foot. At an angle of attack of 7.0° (fig. 12(b)), however, frequency
characteristics similar to those obtained for the wing gage at a corre-
sponding angle of attack are noted. Pressure fluctuations occur at all
frequencies from 10 to 1000 cycles per second, indicating that the flow
fluctuations are rendom In frequency. Additional records from the fre-
quency analyzer have been included as figure 13 to . indicate that the
random-type flow fluctuations alsoc exist for lower values of differentiel-
pressure-fluctuation coefficient than the wvalues for which 1t was shown
to occur in the previous figures. At a Mach number of 0.8 and an angle
of attack of -2.0° (fig. 13(a)), the principle pressure fluctuations
occur in two frequency bands: from about 40 to 10Q .cycles per second
and from approximately 125 to 150 cycles per second. Above about
150 cycles per second, no pressure pulsations above 0.7 pound per square
foot were noted. When the angle of atteck is increased to 2.8° at =&
Mach number of 0.8 (fig. 13(b)), it is again noted that practically all
frequencies from 10 to 1000 cycles per second are represented.

The random-type flow experienced over the wing and tall of the model
indicates that the aircraft designer has 1itile chance of designing com-

ponent parts of an aircraft with natural frequencles completely above or
below those likely to be encountered in flight.

CONCLUSIONS

From a study of the pressure fluctuations measured near the trailing
edge of the wing and the leading edge of the tail of a %'-scale model of
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the X-1.airplane with a lO-percent-thick wing in the Langley 16-foat .
transonic tunnel, the following conclusicng may be made:

1. The maximum values of pressure fluctuation measured at the wing
and tail .pressure-gage locatioms were about 0.6 and 1.6 times stream
dynamic pressure, respectively. These vealues represent increases of
more than tenfold In the pressure fluctuations as’ the angle of attack
was lncreased at a constant Mach number. = -

2. In the preseént investigation, no value. of differential-pressure-
fluctuation coefficient could be used as a buffel criterion, elther for:
the tail gage or the wing gage, which would result. in a buffets=boundary
curve'in complete agreement w1th the flight determined buffet-boundary '
curve. e e

3. The vortex generators used on the, wings of . this model had no
beneficial effect . in reducing the: amplltude of the differential pressure
fluctuations at the location of. the. pressuré- pickups on the. wing or tail.

L. Frequency ‘andlyses’ of the dlfferential pressure-fluctuations on
the modél For conditlions where maximum pressure fluctuations were found
to be large indicate that usually the differential pressure fluctuations
are rindom in frequency with pulsations noted at all frequencies from . .
10 to 1000 cyclées per'Second, which are the frequency 1limits of the

-

recording wquipment, 7. . . =

Langley Aeronautical _ Laboratory, |
National Advisory Committee for Aeronsutics,
Langley Field, Va.
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Figure 1l.- Sketch of Tl{- scale model of the X-1 airplane as tested in the
Lengley 16-foot trangonic tunmnel. ALl dimensions are in inches. -
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{a) Three-quarter fromt view,

Flgure 2.- One-quérter-scale model of the X-1 airplane in the
Langley 16-foot transonic tummel.
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(b) Three-quarter rear view.

Figure 2.~ Concluded.

CTErSCT W VOUN T

=T -




NE

TEresT W VOVN

" Fromr T

B L ol

[}
-3

Figure 3.- Vortex generastors ingtalled on the model wings.
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Figure 11.- Frequency analyses of the pressure fluctuations at the left-

wing-outboard geage at Mach mmber of 0.70.
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Figure 12.- Frequency analyses of the pressure fluctuations at the left-
tail gage at Mach number of 0.T70.. Basic configuratian.
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Figure 13.~ Frequency analyses of the pressure fluctuations at the left-

wing-outboard gage at Mach number of 0.80.

Basic configuration.
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